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ABSTRACT. - Age, growth and diet of anchovy were studied for the first time from samples collected in the Bay of 
Benisaf (west Algerian coast) during summer (spawning period) and autumn (recruitment period) 2007. Age structure and 
growth parameters were determined by otolith (sagitta) analyses. The von Bertalanffy growth function fitted to age-length 
data showed that most of anchovy growth is achieved during the first year of life, suggesting that this stock is primarily 
supported by the smallest age groups and has a strong dependence on recruitment. There were no significant differences 
between males and females, and pooled mean parameters were: L°° = 15.61 cm, k = 0.75 per year and to = -1.32 years. 
Whatever the age-class anchovy is strictly zooplanktivorous. Copepods constituted the dominant group (64% O; 81% N), 
while other crustaceans, mollusc larvae and fish larvae were less represented. The main species of copepods consumed 
were by order of abundance: Candacia longimana , Oncaea mediterranea and Pleuromamma abdominalis. The results indi¬ 
cated a diversification of the diet in the first age groups (0 to 2 years), and a relative specialization in the third age group. 
Environmental factors including sea surface temperature and chlorophyll-a concentrations were considered in order to 
explain differences in growth parameters and diet between different geographical areas. There was no significant relation¬ 
ship between the chlorophyll-a concentration and any growth parameter or L°°. The only significant relationship observed 
with chlorophyll-a was with the anchovy at age' 1 2 3 4 5 6 . Concerning temperature, there was significant relationship only between 
SST and the anchovy size at age' 1 . 

RESUME. - Relations entre Page, la croissance, le regime alimentaire de l’anchois ( Engraulis encrasicolus L.) et les para- 
metres de l’environnement de la baie de Benisaf (SO Mediterranee, Ouest algerien). 

L’age, la croissance et le regime alimentaire de l’anchois ont ete etudies pour la premiere fois sur des echan- 
tillons provenant de la baie de Benisaf (cote ouest algerienne), au cours de l’ete (periode de reproduction) et l’automne 
(periode de recrutement) 2007. La structure d’age et les parametres de croissance ont ete determines par lecture d’otolithes 
(sagitta). Le modele de croissance de von Bertalanffy applique aux donnees ages-longueurs a montre que l’essentiel de la 
croissance de l’anchois est realise au cours de sa premiere annee de vie. Ces resultats suggerent que l’exploitation de ce 
stock depend essentiellement des premiers groupes d’ages, lesquels dependent fortement du succes du recrutement. La 
croissance des males et des femelles n’est pas significativement differente. Les parametres de croissance des deux sexes 
confondus sont: L<» = 15,61 cm,k = 0,75 par an and to = -1,32 ans. Quelle que soit laclasse d’age, l’anchois est strictement 
zooplanctonophage. Les copepodes constituent le groupe dominant (64% O ; 81% N), les autres crustaces, les larves de 
mollusques et les larves des poissons sont moins representes. Les principales especes de copepodes consommes sont par 
ordre d’importance: Candacia longimana, Oncaea mediterranea el Pleuromamma abdominalis. Les resultats indiquent 
que si le regime alimentaire des anchois est diversifie dans les premiers groupes d’age (0 a 2 ans), il a tendance a se specia- 
liser a partir de trois ans. Des facteurs environnementaux comme la temperature de surface de la mer et la concentration en 
chlorophylle-a ont ete examines afin d’expliquer les differences de croissance et de regime alimentaire observees entre dif- 
ferentes zones geographiques. II n’existe pas de relation significative entre la chlorophylle-a et les parametres de croissance 
ou la longueur asymptotique (Lc°). La seule relation significative est observee entre la chlorophylle-a et la taille de l’an- 
chois a l’age' 1 . Concemant la temperature, les seules relations significatives sont celles obtenues avec la taille de l’anchois 
a l’age' 1 . 
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The European anchovy, Engraulis encrasicolus (Linne, constitutes one of the main fishing resources (Lleonart and 

1758) is widely distributed in the Mediterranean Sea and Maynou, 2002). This species is also an essential element of 
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marine food web due to its significant biomass at intermedi¬ 
ate level (see Palomera et al., 2007 for a review). 

Most of the research on the ecology of this species was 
done in the north Mediterranean Sea (Tudela and Palom¬ 
era, 1997; Morales-Nin and Pertierra, 1990; Basilone et al., 
2004; Bellido et al., 2000), the Black Sea and the Azov Sea 
(Mikhman and Tomanovich, 1977; Karacam and Duzgunes, 
1990; Bulgakova, 1993), the Adriatic Sea (Dulcic, 1997; 
Coombs et al., 2003) or the Bay of Biscay (Plounevez and 
Champalbert, 1999; Allain et al., 2003; Diaz et al., 2008, 
2009). 

As in the northern part of the Mediterranean Sea, ancho¬ 
vy and sardine, Sardinapilchardus (Walbaum, 1792), are the 
most important small pelagic fish in terms of biomass and 
commercial interest along the Algerian coast. In this area, 
the stock of pelagic fish was estimated by acoustic scientif¬ 
ic surveys to be about 187 000 tons, and 60% of this stock 
was represented by anchovy (MPRH, 2004). Catches of the 
Algerian anchovy fishery exhibited great fluctuation during 
the past years, varying between 1374 and 6085 tons (Fish- 
Stat,FAO http://faostat.fao.org/). This species is considered 
as not over-exploited in Algerian waters (MPRH, 2004). 

Despite the significant economic importance of this 
species along the North African Mediterranean coast, lit¬ 
tle information is known, either on its ecology or biology. 
Most studies are ancient and the only recent ones have been 
carried out in Tunisia and in Algeria (Arrignon, 1966; Quig- 
nard et al., 1973; Gaamour et al., 2004; Khemiri et al., 2007; 
Bacha and Amara, 2009). 

Populations of small pelagic fish, such as sardine 
and anchovy, show evidence of important natural fluctua¬ 
tions in their abundance (Lluch-Belda et al., 1989; Martin 
et al., 2008). These fluctuations seem to be related, among 
other factors, to climate variability (e.g., Sabates et al., 
2007) or habitat conditions (Basilone et al., 2004). Growth 
and feeding are two important parameters in fish popula¬ 
tion dynamics. Growth studies showed that anchovy has 
high growth rates and short life span (Basilone et al., 2004; 
Khemeri et al., 2007). Studies on the trophic ecology of 
anchovy have been performed to understand both the ecol¬ 
ogy of the species and the functioning of the pelagic ecosys¬ 
tem (Re, 1996; Tudela and Palomera, 1997; Plounevez and 
Champalbert, 2000). In the Algerian coast, Bacha and Amara 
(2009) concluded that whatever the season, the region or the 
fish size, anchovy is exclusively zooplanktivorous and cope- 
pods were the most common prey. During its first year of 
life, anchovy feeds almost exclusively on copepods, and as 
anchovy grows, copepods are gradually substituted by large 
crustaceans. Temporal variability in satellite-derived chloro- 
phyll-a matched the seasonal variability in the diversity of 
the anchovy preys and in the feeding intensity, as reflected 
by the vacuity index, suggesting further investigation of 
the potential use of satellite-derived chlorophyll-a data as 



Figure 1. - Locations of sampling area in the Bay of Benisaf (dotted 
area), Algerian coast, southwest Mediterranean Sea. 


a proxy for anchovy feeding intensity. The close relation¬ 
ship between the environment and small pelagic population 
dynamics found in the study of Bacha and Amara (2009) 
evidences the need to increase the available data on growth 
and feeding in relation to environmental factors. 

The southern part of the Mediterranean Sea (west Alge¬ 
rian coast) is a region clearly differentiated from the rest of 
the Mediterranean Basin by highly specific hydrological and 
ecological conditions (Millot, 1985). The aim of the present 
study is to describe the growth and diet of the European 
anchovy, and to test the influence of some environmental 
parameters (sea surface temperature and chlorophyll-a con¬ 
centration) on the growth parameters. 

MATERIALS AND METHODS 
Study area and sampling 

Samples of anchovy were collected monthly on board a 
commercial fishing vessel during the spawning and recruit¬ 
ment period between July and December 2007. Ancho¬ 
vy were caught by purse seine (mesh size of 8 mm) in the 
Bay of Benisaf (from 35° 18’N and 1° 27W to 35° 20'N and 
1°19’W, Fig. 1). In the laboratory, anchovy were measured 
(total length TL, cm) to the nearest 0.1 cm, sexed (when pos¬ 
sible) and weighed (total weight W, g) with a precision of 

0.1 g. 

Age and growth estimation 

Otoliths (sagittae) were taken through the gills as 
described in the method of Secor et al. (1992). After wash¬ 
ing and cleaning, they were dried in the ambient air. The age 
reading and growth analysis were carried on 324 specimens: 
137 males, 134 females and 53 undetermined sex specimens. 
To increase the evidence of the growth marks, otoliths were 
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covered with essential oil of cloves and then observed with 
a stereomicroscope under reflected light over a dark back¬ 
ground . The alternating white and dark growth marks are 
called hyaline and opaque zones. The method used for read¬ 
ing and interpreting the age of anchovy followed those estab¬ 
lished and validated during the last workshop on anchovy 
otolith (Uriarte et al., 2006). The birth date was established 
in summer time, on first of July; a date corresponding to the 
peak of the spawning period of anchovy in the Mediterranean 
Sea (Morales-Nin and Pertierra, 1990; Khemiri et al., 2007). 
The age of fish sampled before this date were assigned to 
the observed number of hyaline zones surrounded by opaque 
marks, whereas age of fish sampled during the second part 
of the year was established only by the number of hyaline 
zones. Each otolith was read twice, on two separate occa¬ 
sions, and readings for a given otolith were accepted only if 
both agreed. When there was a difference between the two 
readings, a third reading was performed and we considered 
the age value which was repeated twice. In this study, agree¬ 
ment between the two first readings was high and reached 
90%. 

Length-at-age data were fitted using the von Bertalanffy 
growth model: 

Lt = L°o (1 - exp(-k - (t - to)), 

where Lt is the expected length at age t years, L °° is the 
asymptotic maximum length, k is the von Bertalanffy growth 
constant, and to is the theoretical age at zero length. Growth 
curves were fitted for both males and females separately. 
The undetermined sex specimens were important to get a 
wider range of length for fitting the growth model and were 
included in both the male and female data sets. Estimation of 
growth parameters was done using Fishparm software (Prag- 
er et al., 1987). Growth curves of males and females (with¬ 
out immature individuals) were compared using an analy¬ 
sis of covariance (ANCOVA). To compare the growth rate 
obtained in this study with those available for this species 
in other areas we calculated the growth performance index, 
<5= logiok + 2 logioL°c (Pauly and Munro, 1984). 

Stomach content analysis 

After capture, stomachs were immediately preserved in 
10% formalin following dissection of the fish. The stomachs 
were dissected later in the laboratory and vacuity index (V) 
was calculated as: V = E/T x 100, where E was the number 
of empty stomachs and T the total number of stomachs ana¬ 
lysed. The different preys ingested were sorted and identified 
to the lowest possible taxonomic group, using identification 
keys (Chevreux and Fage, 1925; Rose, 1933; Tregouboff 
and Rose, 1957; Conway et al., 2003), counted and meas¬ 
ured when possible. The size measurements were carried out 
on thirty individuals for each prey and average sizes were 
calculated. 


Table I. - Von Bertalanffy growth parameters (Loo, k and to) and 
the growth performance index ($’) for males (M), females (F) and 
both sexes combined (M + F), (± standard deviation). 



Loo 

k 

to 

T> (cm.y 1 ) 

M+F 

15.61 ±0.01 

0.75 ±0.09 

-1.32 ±0.08 

2.26 

F 

15.76 ±0.01 

0.79 ±0.12 

-1.20 ±0.10 

2.29 

M 

15.36 ±0.01 

0.78 ±0.12 

-1.28 ±0.10 

2.26 


Food composition was expressed as a percentage of fre¬ 
quency of occurrence (%0, the percentage of non-empty 
stomachs in which a certain prey item occurred) and per¬ 
centage composition by number (%N, the number of a par¬ 
ticular prey item as a proportion of the total number of all 
prey items in all stomachs). The diet diversity was expressed 
by the Shannon-Wiener diversity index (H’) and the spe¬ 
cies richness (S). Furthermore, the Pielou’s evenness index 
(J’) was calculated to measure how evenly fish rely on food 
resources and the food niche width (B) in order to charac¬ 
terize the food resource spectrum used by anchovy. Facto¬ 
rial correspondence analysis (FCA) was performed using 
the matrix of frequency occurrence (%0) and percentage by 
number (%N) data to determine the pattern of prey distribu¬ 
tion among age groups. Only prey items with occurrence 
>10% were used in the analyses. 

Environmental variables 

The following environmental variables have been consid¬ 
ered in order to analyse the spatial anchovy growth param¬ 
eters and diet variation: sea surface temperature (SST) and 
sea surface chlorophyll-a concentration (as an indicator of 
primary production, given that anchovy is a plankton feed¬ 
er species). These data were derived from satellite imagery 
(http://oceancolor.gsfc.nasa.gov). Data used are average val¬ 
ues over the year. 

RESULTS 

Age and growth 

The anchovies analysed were composed of five age 
groups: 0, 1,2, 3 and 4 years old and varied between 7 and 
17 cm TL. Age groups 1 and 2 were the most abundant 
(36% and 24%), followed by age groups 0 (19%), 3 (15%) 
and 4 (6%). The estimation of growth parameters was car¬ 
ried out for each sex and for the two sexes combined (Tab. I 
and Fig. 2). An analysis of co-variance (ANCOVA) includ¬ 
ing the length (log-transformed) as a variable, the age as a 
co-variable and the sex as factor showed that there were no 
significant differences in growth patterns between males 
and females without considering the undetermined sex indi¬ 
viduals {F 1254 = 0.002; p = 0.959). Pooled mean parameters 
were = 15.61 cm, k = 0.75 per year and to = -1.32 year. 
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Concerning temperature, there was significant rela¬ 
tionship only between SST and the anchovy size at age 1 
(r 2 = 0.33; F = 5.395; p = 0.04) and <I> (r 2 = 0.23; F = 3.54; 
p = 0.084). 

Diet composition 

A total of 180 stomachs of anchovy, with a total length 
ranging from 7 to 16.2 cm (TL), was examined. Empty stom¬ 
achs represented 12.7%. Thirty-three different prey were 
identified: 17 copepods, 4 amphipods, 5 decapods, 3 mol¬ 
luscs, and some other unidentified preys such as: mysiids, 
euphausiids, ostracods and fish larvae (Tab. III). Copepods 
were the most important prey in all age groups, accounting 
for 81 % by number of the prey taken and found in 64% of 
the anchovy examined. Three copepods species were particu¬ 
larly well represented in the diet: Candacia longimana (89% 
O; 39% N), Oncaea mediterranea (80% O; 8% N) and Pleu- 
romamma abdominalis (73% O; 6% N). Brachyura (zoea), 
Hyperia schizogeneios, Brachyura (megalopa) and gastro¬ 
pods are also frequently preyed on by anchovy (respectively 
% O = 55%; 46.25%; 45%; 45%). 

Ontogenetic changes in diet 

The number and occurrence proportions of the major 
food categories varied with age (Tab. III). Crustaceans, 
mainly copepods dominated the diet of 0-group anchovy 
(< 11.8 cm TL). As anchovy grow, copepods are gradually 
substituted by larger prey such as decapods and amphipods. 

The factorial correspondence analysis clearly illus¬ 
trates the prey characteristics of each age group (Fig. 4). 
Axes 1 and 2 explain 87.15% of variance with 66.97% and 
20.19% of inertia. Axis 1 separates the 0-group from the 


Table II. - Growth parameters (k, y' 1 and T>, cm.y' 1 ), asymptotic length (Loo, cm) and length at age" 1 (LI, cm) obtained for the anchovy 
E. encrasicolus in different regions. Mean annual ±S.D. of chlorophyll-a concentration and sea surface temperature (SST). *: data from 
Basilone etal., 2004. 


Area 

SST (°C) 

Chlorophyll-a 
(mg.nr 3 ) 

L“ 

(cm) 

k 

(per 

year) 

<D: 

cm.y' 1 

Length 
at age' 1 

Source 

West Algerian coast 

19.44 ±0.10 

0.33 ±0.06 

15.61 

0.75 

2.267 

12.87 

This study 

Algeria (Algiers) 

19.24 ±3.81 

0.35 ±0.90 

16.57 

0.59 

2.205 

11.87 

Hemida (1987) 

North Tunisian coast 

21.15 ±0.05 

0.22 ±0.02 

19.16 

0.32 

2.028 

12.90 

Khemiri et al. (2007) 

South Tunisian coast 

21.89 ±0.06 

0.45 ±0.25 

17.19 

0.36 

2.069 

10.35 

Khemiri et al. (2007) 

*Catalonian littoral (SE, Spain) 

18.61 ±4.55 

0.77 ± 1.31 

19.10 

0.35 

2.106 

11.00 

Morales-Nin and Pertierra (1990) 

*Gulf of Lion (SE, France) 

16.72 ±3.60 

1.23 ± 1.61 

19.10 

0.35 

2.106 

11.00 

Campillo (1992) 

*Strait of Sicily 

19.24 ±4.18 

0.20 ±0.03 

18.60 

0.29 

2.016 

10.37 

Basilone et al. (2004) 

♦Middle Ionian sea (Greece) 

19.54 ±3.92 

0.53 ± 1.66 

17.50 

0.51 

2.194 

11.56 

Machias et al. (2000) 

♦Middle-North Adriatic (Croatia) 

17.57 ±4.27 

0.28 ±0.16 

19.40 

0.57 

2.331 

11.15 

Sinovcic (2000) 

♦North Portugal 

15.95 ± 1.89 

2.24 ± 1.46 

15.80 

0.53 

2.120 

- 

Ramos and Santos (1999) 

Black Sea 

18,89 ±0.05 

0.77 ±0.04 

16.76 

0.32 

1.960 

10.48 

Erkoyuncu and Ozdamar (1989) 

Azov Sea 

18,19 ±0.05 

14.94 ±0.43 

13.30 

0.61 

2.030 

10.89 

Volovik and Kozlitina (1983) 

Bay of Biscay 

15.95 ±3.48 

1.22 ± 1.92 

22.10 

0.57 

2.446 

9.85 

Guerault and Avrilla (1974) 

♦Cantabrian Sea, N Spain 

15.95 ±3.48 

1.22 ± 1.92 

21.30 

0.48 

2.343 

9.60 

Cendrero et al. (1981) 



Figure 2. - Von Bertalanffy growth curves for males and females 
anchovy in the Bay of Benisaf. 


The growth performance index <I> was similar for both sexes 
(Tab. I). 

The growth parameters and the size at age" 1 (LI) obtained 
from the literature for E. encrasicolus in different regions 
are shown in Table II together with the estimated mean chlo- 
rophyll-a concentrations and the annual mean SST for each 
area. Since growth parameters estimated by means of otolith 
interpretation differ from those estimated by scales or length 
frequency analyses, only the former one were reported in the 
present study. The relationships between the growth param¬ 
eters for anchovy obtained from different regions with the 
mean SST and the mean chlorophyll-a concentration of the 
area are illustrated in figure 3. There was no significant rela¬ 
tionship between the chlorophyll-a concentration and any 
growth parameter or L°°. These results were the same even 
when including the high chlorophyll-a value of the Azov Sea 
(14.94 mg.m" 3 ) in the analysis. The only significant relation¬ 
ship observed with chlorophyll-a was with the anchovy at 
age 1 (r 2 =0.36; F = 5.754; p = 0.037). 
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Figure 3. - Relationships between 
mean sea surface temperature (SST, 
°C) and chlorophyll-a concentrations 
with the growth performance index <J> 
(a, b), body growth coefficient k (c, d), 
asymptotic length L°° (e, f) and length 
at age' 1 (g, h). (• Data from table II; 
■ Data from present study). 


others, showing a gradient in length of prey. Indeed, large 
prey and small prey have positive and negative values (of 
factorial coordinates), respectively, along the first axis. The 
copepods ( Centropages chierchiae, Temora stylifera) have a 
high positive value and the fish larvae a high negative value. 
The 0-group situated in the positive part of axes 1 and 2 is 
associated with the dominance and high occurrence of small 
and medium copepods, such as Coryceaus sp., Scolecithrix 
hrady, C. chierchiae, Oncaea venusta, Sapphirina metallina, 
T. stylifera and Aetideus armatus. The groups (1 and 2) pre¬ 
sented in the negative part of axes 1 and 2 are more diversi¬ 
fied and linked with the occurrence of medium and large prey 
(copepods, decapods, amphipods and gastropods). Finally, 
the group 3+ located in the positive part of axis 2 and nega¬ 
tive part of axis 1 is discriminated by the occurrence of very 


large prey such as euphausiids, brachyura (zoea and mega¬ 
lops), fish larvae, mysids and finally the very large copepods 
(Euchirella messinensis and Arietellus setosus). 

Species richness (S), Shannon-Weiner diversity (H’), Pie- 
lou’s evenness (J) and food niche width (B) varied between 
age groups (Tab. III). The diversity index and the food niche 
width increased from 0-group to group 2 (respectively; 
from 2.16 to 2.22 and 8.67 to 9.21) and declined in group 
3+ (respectively; 1.91 and 6.75). Pielou index (J) showed 
highest values in group 2 (0.74) and the lowest in group 3+ 
(0.56). This tendency in the lower indices in the age group 
3+ indicates a diversification of the feeding in the first age 
group (0 to 2 years), and a relative specialization in the third 
age group. Vacuity index increased from the age 0 to age 2 
and tended to zero in age group 3 +. 
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Table III. - Occurrence (% O) and percentage number (% N) of prey found in stomachs of anchovy in the Bay of Benisaf. Species richness, 
Shannon-Wiener, Pielou’s evenness, food niche width and vacuity index for each age group are listed below the table. 




GO 

G1 

G2 

G3+ 



o% 

N% 

o% 

N% 

o% 

N% 

o% 

N% 

Ostracoda 

Unidentified Ostracoda 

(Ostr) 

23.81 

0.22 

16.13 

0.41 

17.65 

0.53 

7.69 

0.29 


Aetideus armatus 

(Aarm) 

23.81 

0.44 

12.90 

0.29 

5.88 

0.13 

15.38 

0.43 

Copepoda 

Arietellus setosus 

(Aset) 

4.76 

0.19 

3.23 

0.17 

5.88 

0.26 

23.08 

0.43 


Candacia longimana 

(Cion) 

95.24 

28.29 

80.65 

47.07 

82.35 

32.70 

100 

54.65 


Calocalanus sp. 


4.76 

0.12 

- 

- 

- 

- 

- 

- 


Centropages chierchiae 

(Cchi) 

80.95 

8.03 

6.45 

0.35 

- 

- 

7.69 

0.14 


Corycaeus sp. 

(Cory) 

57.14 

1.21 

12.90 

0.41 

11.76 

0.26 

7.69 

0.43 


Euchirella messinensis 

(Ernes) 

- 

- 

3.23 

0.17 

- 

- 

23.08 

2.32 


Lubbokia aculeata 

(Lacu) 

- 

- 

- 

- 

- 

- 

7.69 

0.14 


Microsetella rosea 

(Mros) 

28.57 

0.44 

16.13 

0.65 

52.94 

4.29 

38.46 

1.01 


Oncaea mediterranea 

(Omed) 

95.24 

11.54 

74.19 

6.27 

94.12 

12.46 

53.85 

3.05 


Oncaea venusta 

(Oven) 

47.62 

0.60 

16.13 

0.77 

- 

- 

23.08 

1.01 


Pleuromamma abdominalis 

(Pabd) 

80.95 

4.14 

67.74 

3.64 

64.71 

11.12 

76.92 

7.55 


Sapphirina metallina 

(Smet) 

66.67 

1.97 

16.13 

2.15 

11.76 

5.22 

30.77 

0.87 


Scolecithrix brady 

(Sbra) 

61.90 

2.20 

16.13 

0.59 

- 

- 

15.38 

0.29 


Scolecithrix danae 

(Sdan) 

76.19 

4.81 

32.26 

3.40 

17.65 

0.53 

23.08 

0.58 


Temora stylifera 

(Tsty) 

85.71 

21.30 

12.90 

3.10 

- 

- 

7.69 

0.14 


Unidentified Copepoda 

(Ucop) 

90.48 

11.00 

67.74 

5.43 

64.71 

9.78 

61.54 

4.36 

Mysida 

Unidentified Mysida 

(Mysi) 

- 

- 

- 

- 

- 

- 

7.69 

0.43 

Amphipoda 

Primno macropa 

(Pmac) 

- 

- 

12.90 

0.47 

5.88 

0.40 

7.69 

0.14 


Lestrigonus schizogeneios 

(Lsch) 

28.57 

0.28 

61.29 

2.68 

35.29 

1.20 

46.15 

1.74 


Phrosina semilunata 

(Psem) 

4.76 

0.09 

48.39 

5.31 

35.29 

4.96 

61.54 

6.83 


Unidentified Amphipoda 

(Uamp) 

9.52 

0.06 

25.81 

1.73 

17.65 

0.53 

23.08 

0.58 

Euphausiacea 

Unidentified Euphausiacea 

(Euph) 

9.52 

0.25 

22.58 

2.74 

5.88 

0.80 

15.38 

0.29 

Decapoda 

Brachyura (Zoea) 

(Bzoe) 

57.14 

1.08 

70.97 

3.46 

23.53 

4.42 

46.15 

2.32 


Brachyura (Metazoea) 

(Bmet) 

- 

- 

3.23 

0.06 

- 

- 

7.69 

0.43 


Brachyura (Megalopa) 

(Bmeg) 

19.05 

0.22 

61.29 

4.18 

29.41 

6.43 

61.54 

5.81 


Solenocera membranacea 

(Smem) 

4.76 

0.09 

6.45 

0.11 

- 

- 

- 

- 


Decapoda larvae 

(Deca) 

4.76 

0.06 

22.58 

2.38 

17.65 

0.40 

7.69 

0.29 

Mollusca 

Unidentified Bivalvia 

(Biva) 

4.76 

0.03 

3.23 

0.06 

- 

- 

7.69 

0.29 


Unidentified Gasteropoda 

(Gast) 

57.14 

1.21 

25.81 

1.67 

64.71 

3.48 

46.15 

2.76 


Cephalopoda larvae 

(Ceph) 

- 

- 

3.23 

0.11 

- 

- 

- 

- 

Vertebrata 

Unidentified fish larvae 

(Fish) 

- 

- 

- 

- 

- 

- 

15.38 

0.29 


Species richness 


26 

29 

20 

30 


Shannon-Wiener index 


2.16 

2.19 

2.22 

1.91 


Pielou’s evenness index 


0.66 

0.65 

0.74 

0.56 


Food niche width 


8.67 

8.94 

9.21 

6.75 


Vacuity index (%) 



1 

16 

21 

0 



DISCUSSION 

Anchovy is a small pelagic fish with fast growing but 
it is also a short-lived species (Pauly, 1982). Our sampling 


suggested that the life expectancy of the anchovy in the Bay 
of Benisaf reaches 4 years. This longevity corresponds to 
the lifespan reported for this species in the Tunisian waters 
(Khemeri et al., 2007), the Adriatic Sea (Sinovcic, 2000) 
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Figure 4. - Factorial correspondence 
analysis for prey and age groups in 
the Bay of Benisaf (FCA based on fre¬ 
quency of prey occurrence): See table 
III for an explanation of the codes used. 
Prey specific to each age group are sur¬ 
rounded by dotted lines. 


and the Northwestern Mediterranean Sea (Morales-Nin and 
Pertierra, 1990). Just like many pelagic species, a very small 
fraction of the population usually reaches ages four and five 
(Bailey, 1992). 

The von Bertalanffy growth function fitted to age- 
length data showed that most of the growth of the anchovy 
is achieved during the first year of life. Length at one-year 
old was estimated to be 12.87 cm suggesting that this stock 
is primarily supported by the smallest age groups (0 and 
1-group), thus showing a strong dependence on recruitment 
success. These results are in agreement with those obtained 
in the Gulf of Cadiz (SW Spain) by Bellido et al. (2000). 
This latter showed that anchovy reaches 60% of its asymp¬ 
totic length in its first year of life and 83% in its second. Our 
results suggests that the west coast Algerian anchovy grow 
more rapidly during the first year of life and attain a smaller 
asymptotic length than their conspecific at higher latitude 
(e.g.. Bay of Biscay). Environmental factors such as sea tem¬ 
perature and chlorophyll-a concentration seem to affect the 
size attained at the end of the first year of life. We found sig¬ 
nificant relationships between the anchovy size at age 1 and 
SST or chlorophyll-a concentration in the different areas. 

After the first year, the annual growth rate drops rapidly 
and this is probably related to sexual maturity since indi¬ 
viduals are generally mature by the first year of life in the 
studied area. In the northern part of the Mediterranean Sea, 
anchovy reaches first maturity at 11 cm in the Alboran Sea 
(Giraldez and Abad, 1995). This size is lower in the south¬ 
ern part of Mediterranean Sea (7.3 cm along the Tunisian 
coast, Gaamour et al., 2004). The first maturity in the Bay of 
Algiers is reached at about 11 cm for both sexes (Djabali et 
al., 1988; Hemida, 1987). These values are higher than those 
reported by Bacha et al. (unpubl. data) in the Gulf of Bejaia 


(9 cm for both sexes). Hence, from the end of the first year of 
life, energy is supposed to be allocated to reproduction, with 
less energy available for somatic growth. 

Population of anchovy occurs at different latitudes and 
inhabits environments that differ in both mean annual tem¬ 
perature and length of the growing season. In the Bay of 
Benisaf, anchovy seems to have higher growth parameters 
most likely in relation with environmental variables. Indeed, 
the west Algerian coast is a region clearly differentiated 
from the rest of the Mediterranean Basin by highly specific 
hydrological and ecological conditions (Millot, 1985). The 
extreme western Algerian coast is constantly influenced 
by the cold plankton-rich currents from the Atlantic enter¬ 
ing the Mediterranean through the Strait of Gibraltar, which 
extends eastwards (Benzohra and Millot, 1995). This rich¬ 
ness is reflected by the higher anchovy prey diversity and a 
lower stomach vacuity index in the western Algerian coast 
compared to the eastern one (Bacha and Amara, 2009). The 
estimated growth parameter k of the Bay of Benisaf anchovy 
was at the top of the range observed for this fish species in 
different areas (Tab. II). The estimated length at age 1 in this 
study (12.87 cm) was comparable to the one estimated for 
the Tunisian coast (Khemiri et al., 2007) but slightly higher 
than that observed in the northern part of the Mediterranean 
Sea or the Bay of Biscay. The growth performance index 
obtained for the anchovy of the Bay of Benisaf (2.26) was 
very similar to that estimated in other areas of the Mediter¬ 
ranean Sea (Tab. II) suggesting that anchovy has similar 
growth patterns in this area. The impact of temperature on 
metabolic rates and thereby on growth has been demon¬ 
strated for adult fishes (Pauly 1980). Fish tend to have lower 
asymptotic length with increasing temperature. Compared 
to the Mediterranean Sea, the Bay of Biscay anchovy seems 
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to attain higher asymptotic length. The Mediterranean Sea is 
characterized by higher temperatures, compared to the Bay 
of Biscay, and the variation ranges in temperature are very 
low (Basilone et al., 2004). This may explain the very close 
values of the growth rates obtained for anchovy in the Medi¬ 
terranean Sea. 

Contrary to the study of Basilone et al. (2004) no clear 
relationship between sea surface chlorophyll-a concentration 
and growth parameters or L°° were observed. Sea surface 
estimates of chlorophyll concentrations were reported to be 
good indicators of food availability for anchovy (Bacha and 
Amara, 2009). Phytoplankton is consumed by zooplankton, 
which is the main food item for many fish larvae of many 
species, and for small pelagic fish such as anchovy. In the 
Strait of Sicily and in the Catalan sea, a good correspond¬ 
ence between anchovy growth and chlorophyll concentration 
has been showed (Basilone et al., 2004; Martin et al., 2008). 
Although the chlorophyll-a concentration along the Algerian 
coast was low, the growth parameters and the size at age' 1 
of the anchovy along the Algerian coast were higher than in 
other areas indicating that the anchovy growth in this area 
was not limited by the food. However the existence of sev¬ 
eral genetically distinct populations of anchovy in the Medi¬ 
terranean Sea (north and south) (Kristoffersen and Magou- 
las, 2008) may partly explain variations in growth param¬ 
eters in different populations and lead us to suggest norms 
of reaction (growth, size and age at maturity) to the various 
SST and/or chlorophyll-a for each population. Indeed, Fage 
(1920) suggested that differences in growth, and some mor¬ 
phometric characteristics, allowed to distinguish two races 
of European anchovies, an Atlantic and Mediterranean one. 
Recently, two anchovy species were identified: Engraulis 
albidus sp. and Engraulis encrasicolus with differences in 
their growth rate and maximal length. (Bembo et al., 1996; 
Borsa et al., 2004). 

Trophic ecology studies of adult anchovy carried out in 
NW Mediterranean Sea emphasize that this species feeds on 
small zooplankton, mostly copepods, and to a lesser extent 
on molluscs, cladocerans, other crustaceans and appen- 
dicularians (Tudela and Palomera, 1995; 1997; Plounevez 
and Champalbert, 2000). In the Bay of Benisaf, we found 
that anchovy fed exclusively on zooplankton, the main prey 
items being copepods, and to a lesser extent on amphipods, 
decapods and molluscs. Other large prey like crustacean lar¬ 
vae (euphausiids and mysids) and fish larvae sporadically 
occurred in the diet. Three copepods were particularly well 
represented in the diet of anchovy in the Bay of Benisaf: 
Candacia longimana , Oncaea mediterranea and Pleuro- 
mamma abdominalis. Although anchovy feeds preferentially 
on copepods, prey species differ according to geographi¬ 
cal areas. Tudela and Palomera (1995, 1997) found that the 
main prey species for anchovy in the northwest Mediterrane¬ 
an Sea were Centropages typicus, Temora stylifera, Micro- 


setella rosea and Oncaea spp. In the Gulf of Lions, adult 
anchovy feed mainly on Candacia armata, Microsetella 
rosea, Clausocalanidae-Paracalanidae and Temora stylifera 
(Plouvenez and champalbert, 2000). Temora longicornis, 
Oncaea sp., Coryceaus sp. and Centropages chierchiae are 
the dominant prey of anchovy in the Bay of Biscay (Ploun¬ 
evez and Champalbert, 2000). Most published literature also 
reported that larger prey sporadically occurred in the diet of 
anchovy. These were mainly captured at night and depended 
primarily on fish size and age (Tudela and Palomera, 1995; 
Plounevez and Champalbert, 1999). Spatial differences in 
prey species may be attributable to differences in prey avail¬ 
ability in response to the existence of differing hydrographic 
structures in the respective distribution areas considered 
(Riandey et al., 2005). 

On the other hand, an ontogenetic shift in diet was 
observed. This study showed that during the first year of 
life, anchovy feeds almost exclusively on copepods (main¬ 
ly small and medium size prey). As anchovy grows, cope¬ 
pods are gradually substituted by large crustaceans such as 
decapods and amphipods and they become more frequent 
in the diet of age groups 1,2 and 3+. These results agree 
with reports on fish in general and on anchovy in particu¬ 
lar. Indeed several authors have demonstrated that many fish 
species exhibit substantial ontogenetic changes in taxonomic 
composition and size range of prey consumed (e.g., Ploun¬ 
evez and Champalbert, 1999; Mahe et al., 2007). These 
shifts have been attributed to habitat or behavioural changes 
related to increasing body size or age of the predator (Gross- 
man, 1980; Schmitt and Holbrook, 1984). Changes associ¬ 
ated with increased body size, such as increased swimming 
speed and maximum gap size, may substantially increase the 
suite of prey available to a predator as it grows (Ross, 1978; 
Stoner, 1980). Visual acuity and reaction distance to prey 
also increase with increasing predator size (Breck and Git- 
ter, 1983). As demonstrated by Bulgakova (1996) for adult 
anchovy, the size range of prey increases with increasing 
fish size range. On the other hand, the occurrence and weight 
of the small-sized copepods decreased with increasing fish 
length (Plounevez and Champalbert, 2000; present study). 
The gradual emergence of large copepods and large crus¬ 
taceans in the age groups 1 to 3+ indicated selectivity for 
larger prey with higher energy and could be associated with 
sexual maturity of anchovy, at the end of the first year of life. 
This may be explained by the energy needed by anchovy to 
accomplish its reproduction. As hypothesised for the tem¬ 
perate herring Clupea harengus , individuals maximize their 
dietary intake and spawning capacity by feeding selectively 
on large, high-energy prey (Rajasilta, 1992) 
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CONCLUSIONS 

Anchovy represents a fundamental link between plank¬ 
ton production and predators of upper trophic levels. All the 
studies conducted on anchovy (larval, juvenile and adult 
stages) confirm the important role played by copepods as the 
major link between phytoplankton and anchovy production 
(Tudela and Palomera, 1995; Plounevez and Champalbert, 
2000, present study). Although overfishing has played a role 
in many of the major declines of small pelagic stocks, envi¬ 
ronmental variability is also thought to be a key contribu¬ 
tor to this extreme population variability (e.g., Cury et al., 
2000). The influence of sea surface temperature and chloro- 
phyll-a concentration on the growth of anchovy during its 
first year of life has been highlighted in the present study. 
Anchovy populations in the Algerian coast are supported 
mainly by the smallest age groups and have therefore a 
strong dependence on recruitment success. Their life history 
traits (high mobility, zooplankton feeders and short life span) 
make them particularly sensitive to environmental changes. 
The close relationship between the environment and ancho¬ 
vy population dynamics (Conway et al., 1998; Martin et al., 
2008) emphasizes the need to increase the understanding on 
the growth and feeding behaviour of this species in relation 
to plankton dynamics and other environmental factors. 
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